Study design: Retrospective case review. Objectives: In the present study, the neurological outcome, retirement and prognostic factors of patients with spinal cord injury without radiographic abnormality (SCIWORA) were evaluated. Setting: Swiss national work accident insurance database. Methods: The medical histories of 32 patients who were insured by the Swiss Accident Insurance Fund (SUVA) and had SCIWORA between 1995 and 2004 were evaluated thoroughly. Moreover, all available magnetic resonance imaging (MRI) scans were evaluated. Results: At the last follow-up, none of the patients had complete spinal cord injury, only 4 patients had severe deficits and 12 patients had normal motor and sensory function in the neurological examination. However, only 7 out of 32 patients had returned to full-time work and 10 out of 32 patients were fully retired. Both the presence of spinal cord change (r¼0.51) and higher maximum spinal cord compression (r¼0.57) in MRI scan correlated with the likelihood for retirement; older age (r¼0.38) and physical load of work (r¼0.4) correlated with retirement to a lesser extent. Conclusion: Although the neurological outcome of SCIWORA is mostly good, the retirement rate is high. Presence of spinal cord change and severity of cord compression are the best predictors for the degree of retirement.
INTRODUCTION
A spinal cord injury without radiographic abnormality (SCIWORA) was first described as a self-contained syndrome in children in 1982. 1 Thereafter, it has also been reported in adult populations. [2] [3] [4] [5] [6] [7] [8] The development of magnetic resonance imaging (MRI) has increased the diagnostic accuracy in the assessment of spinal cord injuries, but it has also lead to a controversy regarding the definition of SCIWORA by visualisation of soft tissue injuries. 9, 10 Moreover, using MRI scan, adult patients with SCIWORA have been found to present disc herniations, ossification of the posterior longitudinal ligament, spinal canal stenosis and cervical spondylosis as predisposing factors for spinal cord injury. [2] [3] [4] [5] [6] [7] [8] The outcome of patients with SCIWORA has considerable variation according to the severity of the injury. The spinal cord signal changes have been reported to be prognostic for the recovery from injury. 5 The outcome is worst in patients with cord disruption, poor in patients with haemorrhage and good in patients with oedema or normal cord. 7, 8, 10 Koyanagi et al. 2 reported smaller sagittal diameters of the central spinal canal in computerised tomography scans of patients with SCIWORA when compared with patients who had a trauma without a spinal cord injury. Moreover, the severe spinal cord compression in MRI scans has been shown to be associated with severe paralysis and poor recovery. 5 The outcome of SCIWORA has been described in several studies, but to our knowledge the working capacity after SCIWORA in patients at working age has not been previously reported.
Fehlings et al. 11 proposed a MRI-scan-based method for the quantitative assessment of maximum canal compromise (MCC) and maximum spinal cord compression (MSCC) in patients with cervical spinal cord injury. In their study, the MCC and MSCC were both associated to some degree with the severity of neurological deficit in patients with acute cervical spinal cord injury. Thereafter, the reliability of the method by using mid-sagittal MRI images was validated. 12 In the present study, we evaluated the neurological outcome, working capacity and prognostic factors of 32 adult patients with spinal cord injury without radiographic evidence of spinal fracture or dislocation.
PATIENTS AND METHODS
In Switzerland, people who work more than 8 h per week need an obligatory accident insurance that covers all work-related accidents and diseases as well as other accidents. About 50% of the working population is insured by SUVA (Swiss Accident Insurance Fund) and the rest have insurance in other, smaller companies. SUVA has access rights to all hospital and health care files of its clients.
The medical history, available radiographs, computerised tomography and MRI scans of all patients who were insured by SUVA and had SCIWORA between 1995 and 2004 were reviewed by a SUVA expert panel. The SCIWORA was defined as a spinal cord injury without fracture or dislocation in plain radiographs. One patient was excluded from the study because his follow-up time was only 2 months. The final number of SCIWORA patients was 32. Altogether, 29 patients had MRI scans taken but the initial MRI scans of only 16 patients were found.
Using medical histories, the Frankel classification of neurological injury was determined by the SUVA expert panel. 13 The presence of spinal canal stenosis, disc protrusion or herniation and changes in spinal cord were recorded based on the initial radiologists' assessments. In addition, MCC and MSCC were measured from available MRI scans in 16 patients. The physical load of work of each case was classified as light, moderate or heavy, based on the job titles that were recorded in the SUVA files.
Measurements
The mid-sagittal T1-and T2-weighted MRI images were used to assess the MCC and MSCC, respectively. The anteroposterior diameter of the spinal canal and anteroposterior cord diameter at the level of the MCC or at the level of intramedullary cord signal changes were compared with respective diameters at normal levels above and below the injury. Normal diameters were measured at the adjacent midvertebral body levels. The MCC and MSCC were calculated using the following formula: 11 ð1 À Di=ðDa+DbÞ=2ÞÂ100% Di, anteroposterior canal or cord diameter at the level of injury; Da, anteroposterior canal or cord diameter at nearest normal level above the level of injury; Db, anteroposterior canal or cord diameter at the nearest normal level below the level of injury.
The demographic factors, MRI findings and measurements and physical load of work were correlated to the neurological outcome and work status of the patients.
Statistics
Non-parametric methods, namely Spearman's rank correlation coefficient, were used for the assessment of group correlations. The level of significance was set to 0.05. The statistical analyses were conducted using SAS 9.2 (SAS Institute Inc., Cary, NC, USA).
RESULTS
The mean age (range) of the 32 SCIWORA patients was 46.9 (18-64) years, and 29 of the patients were men. The injuries of 11, 10 and 7 patients were caused by traffic-, sports-and work-related accidents, respectively. The injuries of the other four patients were caused by accidents at leisure time. In all, 40.6% of cases had a physically less demanding work, 25% a moderate one and 34.3% were involved in physically heavy work. The level of injury was at the cervical spine in 27 and at the thoracic spine in 5 patients. A surgical intervention was performed in 14 patients (9 anterior decompressions and fusions, 3 laminectomies and 2 combined anterior and posterior interventions). According to the initial radiographic assessment, 24 patients presented a spinal canal stenosis and 16 of them also had a disc protrusion or herniation. Furthermore, 17 patients had spinal cord changes.
The mean (range) follow-up time was 3 years 7 months (1-11 years). The initial clinical presentation of spinal cord injury according to the Frankel classification was A, B, C and D in 7, 5, 5 and 15 patients, respectively. All patients with complete tetraplegia at the beginning, improved within a few hours time. Moreover, during the follow-up, the Frankel grade did not deteriorate in any of the patients, remained the same in nine patients and improved in all others. Therefore, at the end of the follow-up, none of the patients had complete tetra-or paraplegia (Frankel grade A), only 4 patients had severe deficits (Frankel grade C) and 12 patients had normal motor and sensory function in neurological examination (Frankel grade E). The Frankel grade at the beginning and at the end of the follow-up is described in Table 1 .
Before injury, all patients were employed. However, at the end of the follow-up, only 7 out of 32 patients had returned to full-time work and 10 patients were fully retired ( Table 2 ). The rest of the patients were partially retired (from 25 to 80%). Two patients were still under consideration for retirement.
Older age was moderately correlated with the degree of retirement (Spearman's r¼0.38, P-value¼0.04), and the presence of spinal cord change (based on the initial radiologists' assessments) was moderately correlated with worse final Frankel grade (r¼0.39, P-value¼0.02) but better correlated with the degree of retirement (r¼0.51, P-value¼0.002; Table 3 ). In 16 patients with available MRI scans, more severe MSCC correlated well with worse Frankel grade (r¼0.57, P-value¼0.02) and similarly well with the degree of retirement (r¼0.57. P-value¼0.04). The physical load of work was moderately correlated with the degree of retirement (r¼0.4, P¼0.008). DISCUSSION SCIWORA was originally described before common use of MRI scan in diagnosing spinal cord injuries. 1 The development of MRI has increased the diagnostic accuracy of neuroimaging by visualising the soft tissue injuries and also pathologies causing the spinal cord compression, which has lead to a controversy in the definition of SCIWORA. 9, 10 The term of spinal cord injury without radiographic evidence of trauma (SCIWORET), which occurs in combination with cervical spondylosis, spinal stenosis, disc herniation and so on, and real SCIWORA, which excludes all neuroimaging abnormalities, have also been established. 3, 9 As there is no common consensus for a new terminology, we still use the term SCIWORA in description of the syndrome of spinal cord injury without fracture or dislocation in plain radiographs, although patients presented spinal stenosis, disc herniations and so on, in MRI scans. The severity of neurological injuries caused by SCIWORA varies from complete cord transsection with permanent tetra-or paraplegia to mild transient neurological deficit. 10 In our study, seven patients had initially complete tetra-or paraplegia (Frankel grade A). However, four of them fully recovered in a few hours of time, which indicates that they rather presented spinal cord neuropraxia or concussion than real spinal cord injury. 14, 15 Moreover, the other three patients with complete tetra-or paraplegia recovered partially. At the end of the follow-up, none of the patients presented Frankel grade A or B neurological deficit and only 4 out of 32 (13%) patients had severe (grade C) deficit. Furthermore, 12 patients had normal motor and sensory function at the final neurological examination. In the study of Tewari et al. 8 , the outcome was apparently worse (Frankel grade A-C in 18 out of 40 (45%) patients), but in their study the follow-up was only until discharge and the initial neurological injury was worse (severe Frankel grade A-C in 36 out of 40 patients). The more severe injury grades were probably explained by the different trauma mechanisms, which were high-energy road traffic accidents or falls from heights, in 90% of the patients. The outcome of the study of Saruhashi et al., 3 in which the Frankel grade at an average of 31 months follow-up was A-C only in 3 out of 33 (9%) patients, is in accordance with our results.
Although the neurological outcome in our study was generally good, the retirement rate was high. At the end of the follow-up, only 7 out of 32 (22%) of the patients were back at full-time work, 10 out of 32 (31%) patients were fully retired and 2 patients were still under consideration for retirement. The other 13 patients were partially retired. The fact that SUVA is a common insurance in industrial companies, indicating physically heavier stresses at work, may have some influence on the retirement rate. However, only about a quarter of cases were involved in physically more demanding types of work (for example, construction, lumbering), and the correlation between the degree of retirement and physical load of work was only moderate. Of the seven patients who were fully reintegrated at work, the neurological outcome was Frankel grade E in four and D in three cases. In contrast, the final Frankel grade was E in only one of the fully retired patients. The degree of retirement was, hence, better correlated with spinal cord change and spinal cord compression, and to a lesser extent with older age and physical load of work.
Developmental and degenerative narrowing of the cervical canal has been shown to be a causative factor for cervical cord neurapraxia. 14 Moreover, the spinal canal narrowing caused by degenerative changes like spondylosis has been found to be a pre-existing factor in patients with acute cervical cord injury without bone injuries. 2, 6 In these patients, the spinal cord compression caused by degenerative changes has also been used for the indication of surgery. 3 Fehlings et al. described 11 and validated 12 a quantitative method for assessing spinal canal compromise and spinal cord compression in patients with cervical spinal cord injury. They also found some association between the canal or spinal cord compressions and the neurological deficit. In the present study, the severity of spinal cord compression correlated well with the outcome regarding neurological deficit and the degree of retirement.
CONCLUSIONS
In patients with spinal cord injury without evidence of fracture or dislocation of spinal structures, the neurological outcome was mostly good. However, only 22% of patients returned back to full-time work. Presence of spinal cord change and severity of spinal cord compression were the best predictors for a higher degree of retirement, older age and physical load of work were moderately correlated with it.
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